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Th*  »*i»ti";  u  I  trsa  I  crosco?  i  c  sethodi  of  eating  particle  count*  of  ae-oaolc 
ana  other  disparsign  eysteas  in  general  ft***  reel  ehortcoelnge,  which  give  rite  to 
errors  in  ;Ur  ast«rs I n* t i one ,  Including  coce  of  *  eyttesetle  nature,  ana  cause  such 
last  ties  jn  sating  observa t ! one t  particularly  alien  ue  ere  flealin;  rith  laell  particle 
concentrat ion*, 

Tne  leet  ef  the  sethed  of  FLOd  iilTRAMiCROSCOPY*,  at  uork.-J  out  by  ua,  la  th* 
caking  of  a  particle  count  in  a  continuous  f'reas  of  aerosol  fleeing  in  a  direction 
parallel  to  the  line  «f  tight,**  with  th*  particle*  traversing  a  zone  of  illusinatioh 
in  a  sst  tiaa,  if  the  total  observed  nuater  „f  the  little  flashes  in  the  field  of  via* 
an  os  by  particle*  crossing  the  zone  of  i I (urination  it  divided  by  th*  value*  af  th# 
aarotol  flawing  over  the  field,  vs  obtain  the  particle  concentration,  Figure  I  ie  a 
diagrea  ef  the  apparatus  ..instructed  by  eeraeivee  for  tkla  purpose. 

Pi*  uein  aeroasl  atroaa  goe* 
through  the  large  pipe  a,  by-paealng  the 
gat  call  Z.  To  give  the  ga*  cell  a  pre- 
I ia Inary  "vathlng  through'  with  the  teat- 
aerosol,  tho  cock  1  ie  cloao*  ar.a  the 
atroeol  8tr**s  la  channeled  by  start  of 
ths  three-way  cock  2  through  th*  gaa  cell 
k  ana  pipe  l,  Retsra  asking  th*  count, 
cock  2  ia  turned  *o  that  th*  aeroaol, 
after  Mowing  through  th#  gaa  cell, 
pastes  through  sicru-valv#  A  an#  th* 
capillary  tube  of  flow-«et#r  R,  The 
oicro-vaiw*  en*  flow-aeter  perelt  on#  ie 
regulate  and  eeaeure  the  vnliiujtric 
velocity  of  flow  of  the  aerosol  through 
the  gai  call.  In  th*  ga*  cell  the 
eeraec1  first  float  through  the  inner 
tube  b  ana  tnen  through  the  space  c  be¬ 
tween  the  inner  tube  an*  the  outnr  cylindrical  vail  of  the  call.  Th*  cel)  is  sad*  of 
glass,  with  the  inner  tube  blackened  ducapt  for  an  illuslnetion  window,  The  dark-field 
i !  luninat  ion  ie  provided  ay  an  autosobile  lasp,  an  accuaulfitar-fad  incandeecant  bulb 
with  th*  fllacent  heated  aosaehat  above  norsal.  Th#  light  iron  Unit  bulb  phased  through 
lent  f  end  ie  focuead  on  th*  control  port  of  1h*  cell.  The  atroeol  part  tela*  are  ob¬ 
served  at  they  pate  through  *he  zone  of  i  I  luailnwtlon  by  »**n»  of  slcrotcop*  H,  the  eye¬ 
piece  of  which  i*  fitted  with  a  revolving  dUphrtgs  D  having  a  aerie*  of  opening*  rang¬ 
ing  in  disaster  fro*  O.l  to  10  ws.  After  the  ;e,»  ceil  has  been  "washed  through",  tho 
txree-uav  cock  h  it  turned  so  **  to  past  th*  aerosol  atreas  into  voles*  gauge  /a/  and 
sicuitaneoutl  y  one  etarte  to  count  the  flash**  observable  In  the  field  of  th*  eicroacop* 
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*a  Part  ic  le-couni  1  „  ><•  t  transverse  stress  it  cohti  dersb  I  y  Men  convenient. 


Th»  court  Is  etoppad  either  when  a  certain  nuaber  of  flashes  hto  boon  recorded  (for  In- 
stsncs,  on*  hundred)  or  upon  a  signal  indicating  that  a  certain  voluae  has  pasted.  At 
too  ta*e  tin*  a*  tha  count  it  atoppsd  the  veiuae  gauge  !a  •  Hy t  off  by  turning  cock  J* 
Th*  voluae  whieh  hs»  ptaaed  it  then  calculated  true  tit*  riot  in  the  l*y« I  of  tha  liquid 
in  tht  etreigft’  Itg  of  voluae  gtugt  If. 

The  particle  eeneentret Ion  sty  bt  calculated  by  the  foroula 


"  ~  'V  ”  fi  V 


where  N  it  t ft*  tufa!  nuaber  of  fltsbta  observed,  V  it  the  voluwe  which  bat  petted  through 
tht  count  art*,  l.t.  tht  area  outlined  in  tht  vloutl  field  of  tht  slernaeope,  h  it  tht 
volu*e  which  hat  petted  thrauoh  th*  n»*  rail  paaesga  b,  if  btinq  r»t»e»d  to  V  by  tht 
ratio  coefficient  a.  for  iinttr  flew  of  tht  atretol  through  passage  i  of  th*  gat  soil 
(which  was  a  I u«ya  tht  cat*  in  our  teats) ,  tht  parabolic  dlaaetral  dlttrlbution  e* 
velocities  over  tut  Croat  taction  of  tht  passage  works  out  to  tht  fnntula 


uhtrt  0  it  tht  disaster  of  tha  inner  passage  of  the  gat  cell  end  d  it  tht  dlsaettr  of 
the  court  area. 


Let  ua  now  conaidar  tht  precision,  rtproducib! Iliy,  sensitivity  and  perforaane* 
of  the  apparatus  A  fundaaenta!  aouret  of  error  in  this  «»thod  it  variation}  in  the 
nuabtr  of  ptrlicltt  per  given  voiuet.  Thit  la  a  difficulty  which  it  inherent  and  in~ 
tvitabia  in  ail  ultrariercaeople  aethoda.  Tha  arithmetical  atan  error  thw*  introduced 
In  ataauraeanta  of  th«  concentration  It  aqua!  to 

Air/n  =0.8  /tfT  (3) 

tntra  N  It  the  nuabtr  of  fltthtt  counted. 

To  rtduet  th«  error Art/n  to  it  (e  oufflelent  to  take  N  «a  *00,  which  would 
require  a  faur-alnute  count  at  *  counting  speed  of  about  100  ptr  ainutq,  Th#  counting 
speed  aay  bt  adjuattd  to  any  valua  wa  chooat;  wa  aay  change  the  velocity  of  aeratol 
flow  through  atcrc-valve  N  and  wa  aay  vary  the  count  arta  (either  by  atane  of  th#  eye¬ 
piece  dlaphrtqa  or  by  changing  the  Objective).  In  aeking  count*  of  pertlcl*  concentra¬ 
tion*  of  th*  order  of  10?  e«~3  It  It  necessary  to  ut*  an  sya-plae*  d!*r*rtga  opening  of 
about  0.1  aa  dlsaettr  In  conjunction  with  a  10*  or  30a  objective  and  to  have  a  velocity 
of  the  etroaol— flow  along  the  alia  of  the  gas  call  not  greater  than  !  aa/ttc.  At  th* 
tea*  tla*  it  It  neoeettry  to  cut  down  on  the  con*  of  IliuBinetlon  by  atane  of  an  Inter- 
poatd  dlapnraga,  until  the  thickness  of  the  ttld  tons  ia  lea*  than  the  foctl  depth  of 
th*  alcroecopt,  vhich  eaounto  to  a  fa*  hundredths  of  a  ailllaater.  Under  thee*  condition* 
w«  ulaoet  tllainet*  th*  chance  of  there  being  aert  than  one  particle  In  the  count  tree 
*1  any  one  tla*.  The  flaehee  will  follow  each  other  leperately  and  will  be  eeen  againet 
a  dark  background.  Since  It  ia  easy  to  allalnete  error  in  the  flaeh-count  N,  md  tine* 

**  have  discarded  the  Idea  of  aeaaurlng  tha  count-voluaa,  th*  ln«aact  technique  of  the 
older  ultreaicroecople  aethoda,  and  instead  are  ateauring  the  vofuae  flowing  through 
the  apparatus,  vhich  can  be  easily  carried  out  with  great  precision,  all  soureds  of 
error  other  than  th*  variation  In  partlcle-dlstrlbutlon  are  of  no  practical  laportancs 
In  coaperiion.  Thl*  has  been  confiratd  In  mwerow*  eqtuel  count*. 
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Thu*  for  motive*  <m  *niofaift#d  th*  yalu*  of  n  for  oil  fog  ton  ti»*e  in  «U6» 
c»**lon  {with  N  m  JO  for  «»e&  c«i‘.r>t;  tnd  obtain**  th*  following  figwr**  (T*bl*  !);— * 


fARTSCU  CC«C£SlTflAT»OW  IN  Oil  fOG 
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.  .  _ 

r,  *a“^ 

*tO“7 

0»viat ion 

fro*  **an 

vatu* 

/in 

i>  Oawiation 
fro*  a»*ns 
/kR/n  #,<,% 

N 

W,CR^ 

50 

u.50 
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♦7 
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4.1 

50 
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50 
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50 
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2.67 

40.26 

10.8 

50 

0.60 

2.67 

2,23 

-0.18 

7.5 

50 

0,70 

2.67 

K9« 

-0.50 

20,7 
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H«r*  w«  obtain  m  ii„J  ««th*  Mp*rl**nt»l  walu*  of  th*  orror,  which 

it  quit*  n»*r  t®  tV  “h*or«tiei>  <  ***.«*  IOO  ■  tl.Jflt. 

In  scat  ultrsaleroBCOple  taehfuqu**,  th*  ao»t  laporttnt  »dv»ntag*  of  th*  *low 
aethod  1*  th*  gr*»t  **v|ng  In  tin*  is  th*  a**»ur*a*nt  of  tatll  ptrticl*  CMC*ntr»t  Ion*, 
it  fact  which  will  6*  «vld*nt  frets  tts*  following  calculation. 

L*t  th«  count  volua*  (count  area  S  Multiplied  by  tha  thickn***  h  of  th*  ion* 
of  I !  luwlnut Ion)  b«  ietntlcal  In  both  tfto  sy*t*n»  wt  ar*  coaparlng.  With  th*  old 
atfhodt,  th*  contents  of  th*  count  yotu#*  era  changad  approaiaately  one*  a  afeond,  whll# 
with  th*  ftojr^Mtho^  thi*  eh»ng«  take*  plac*  in  a  tla*  t,  naatly  th*  tia*  It  tak«*  *ach 
i*rc«ol  port  fc7*"t«  f  I  It  *cr«»»  th*  i<jn*  of  1 1 1  ua  I  nation,  a  tl*»  aquat  to  th*  duration 
of  tn«  tlsthg*.  E*p»rl«*nt*  *ho*  that  w>  can  take  t  si  0,01  **cond  without  lnt«rf*rlng 
with  th*  v I » I b I ! 1 1 y  of  the  fia*h»»,  •  fact  which  i*  In  *gr**a»nt  with  th*  finding*  of 
visual  physiology  in  th*  w»tt«r  of  th*  »»n#ltivlty  of  th*  *y*  to  *oa*nt*ry  1 1 lualntt ion, 
Under  th*»*  c  Ircuaitanc**  th*  flow  -  ffsod  so««i*  up  th*  partlcl*  count  at  l*«»t  a  hundred 
tun  or  In  other  word*  permit*  In  th*  tie*  *p*c*  of  tla*  and  for  th*  *aa«  varlatlaaal 
error  t  to.  count  a  pirticl*  concentration  at  iih»t  *  hundred  tla*»  aaail*r.  Thu*  a  con- 
•ntratlon  of  th*  or<j«r  of  I  ca**9  «*y  I*  easily  »*»*ur*d  In  *  tla*  of  th#  ord*r  of  on* 
alnut*,,  with  a  a«n  «rror  of  th*  ord*r  of  2C$,  t*t  u*  briefly  *nua*r*t#  th*  fun**a«ntal 
***snt  ag«*  of  th*  f  low  aathod  in  t..«  »*i  *.  «ina  t  Ion  of  partlcl*  Conc*ntr»t  ion*  f  •»  follow*; 

( I)  A  r«duction  (by  100  tla«»  or  »®r»l  of  th*  tla*  *ip«nd*d  In 
««**urlnq  yaall  partlcl*  roncontrat  Ion*;  that  I*,  w*  ar# 

tnabltd  to  a*a*ur«,  with  th*  «#**  ifsp#n»itwr#  of  tisa, 
partlcl*  cone *ntr»t l*n*  #f  en«  hwndrtdth  th*  **n*lty  *r 
I***. 


(2)  The  technique  of  featuring  th*  voluae  ef  I  gi  of  tha  aerosol 
eith  *  sapsrat*  veluaa  gauge  enable*  us  tv  '"Old  the  dif¬ 
ficulties  an#  error*  ehlch  arise  if  si  s re  under  the  neseseity 
«f  eaeetly  deliaitirg  an*  precisely  detrrw|n|ng  the  count- 
v-Muat;  In  "irticuiir  this  technique  obviate*  the  1 '  ■‘ataroln*" 
tenaia  of  tha  count-vo'ua*  eauaad  by  secondary  dlf  maion. 

(3)  if  I*  not  nteaoaary  to  list  and  total  up  a  striae  of  rtadinga. 

(8)  ti  coopsfil  with  the  eithss  of  counting  particles  In  s 
physically  enclosed  voluae,  the  fjos  net  hoc  Has  than  a d- 
vantagss;  oil  of  a  si»pl»r  gas  coil,  itim*  of  disparted 
light  fro*  tn*  aurfssoi  inclosing  the  co-'t-voluaa,  ana  *s» 
sane*  of  arror  lus  to  tn*  settling  of  aarosel  particles  on 
thass  surfacaa. 

(}}  Tha  sasl!  vo!ua*  M  the  call  ano  th#  avoidanca  of  periodical 
interruptions  of  tha  aarosel  I  lot  (Inevitable  with  tha  ol< 
aattiod!  preclude  errors  dua  to  tha  settling,  coagulation, 
condansation,  ano  evaporation  of  atrosol  particlaa. 

(6)  The  f lo»  aathed  gata  rid  of  all  arrora  connect*#  «!th  aadi- 
aantation  and  with  tha  Ireunlan  aovaeant,  factors  uhich  with 
tna  usual  eethoda  and  «hen  counts  art  being  aade  ef  high 
initial  concentrations  of  highly  dispersed  sytftes  are  capall* 
of  introducing  quit*  serious  errors. 

(7)  Thera  ia  no  need  Of  hioh  asonlfUetien  even  In  tha  aeasura- 
aent  of  high  concentrations;  thus  ee  do  net  ns ad  such  asset 
cafinition  and  contecuontly  can  Sa  leaa  particular  about 
tha  optical  eystaa  of  tha  aicroscopt. 

id)  The  floe  aethod  reveal*  a  nte  possibility  of  fundaaontal 
nature:  it  aay  lead  to  an  autoaatic  net  hod  for  aaroaol 
particle  counts. 

(9)  i he  flaslblllty  of  the  floe  aethod  Babes  it  sasy  to  range 
over  a  aids  tea  id  of  concentrations,  fro*  ?. 10?  or  S. 10 f  doun 
to  I  or  a  per  ea?. 

(10)  The  apparatu*  as  constructed  by  ui  la  portabl*  and  hone#  aay 
se  used  teen  under  non-laboratory  condition*. 
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floe  aethod  eill  Inavitdbly  find  very  diverelfUd  application#  In  '--nnactlon 
Iflc 


of  idantl 


f  ig. 


probidai,  tepecidiy  in  th*  study  of  rapidly  occurr  j  procaasas 
in  aer'ioU,  alnca  It  ia  poasibia  to  ataaura  particla  con¬ 
centrations  In  a  sel ft  I y  fleeing  etc -a*  of  the  aaroaol  la- 
aadistaly  after  tha  foraation  of  tha  lattar,  or  iaaadlatfly 
after  It  ha»  bean  setae  upon  In  eoae  eay  (for  Inatance  by 
an  electros. etlc  charge).  In  our  labor,  ory  in  particular 
th#  floe  aethod  ha*  b#»n  uiad  by  I.S.  ARTEKQV*  for  dfudymg 
th*  effect  of  foreign  vapors  on  aerosol  coagulation.  In 
flgur*  2  we  glvt  a  aaapla  coagulation  graph  (phrtlclt  voiua* 
a*  a  function  of  tiae)  shoeing  that  the  coagulation  epee, 
of  oil  fog  U  Independent  of  the  presence  of  oleic  add  vapor 
( coopers  black  circlets  with  span  dre.etej 


’  sboratory  of  Surfaca-Actlv*  forces, 

I  rut:  tufa  of  Physical  CHaalatry,  Received  July  10,  19*#. 

Acs  stay  of  Sciences,  USSR. 


» 


I.S.  ARTWOV,  Journal  af  Physical  ebealstry  JJss$7,  J2.  553.  (19*6) 


